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Highlights 
Four wetted media were comparatively studied for future pre-cooling design. 
Characteristics of wetted media suitable for pre-cooling were summarized. 
Media with middle efficiencies and pressure drops are superior for pre-cooling. 
Cellulose7060 is most promising for pre-cooling the 120m-high NDDCT. 
Abstract 
The performance of natural draft dry cooling towers (NDDCTs) can be improved by wetted-medium 
evaporative pre-cooling. However, the pre-cooling benefit is season dependent and is significantly affected 
by wetted media. To further investigate the effect of wetted medium type on pre-cooling performance, the 
current study simulates a pre-cooled NDDCT using two typical types of wetted media, i.e., film 
(Cellulose7060 and PVC1200) and trickle (Trickle125 and Trickle100). A MATLAB program was 
developed and was validated against published data. The model was then used to carry out case study of a 
120m-high NDDCT pre-cooled using the selected wetted media with fixed thickness of 300mm. Both the 
medium performance and pre-cooled NDDCT performance were compared to recommend the 
characteristics of wetted media promising for evaporative pre-cooling. Simulation finds that the media with 
high or low cooling efficiencies and pressure drops are not promising for the studied pre-cooling case while 
those media with middle cooling efficiencies and pressure drops intend to produce much performance 
enhancement and Cellulose7060 is a representative of such kind of medium. For the 120m-high NDDCT, 
the wetted-medium pre-cooling can raise the heat rejection rate of the tower without pre-cooling from 
45MW to 92 MW, 76 MW, 68 MW and 65MW by Cellulose7060, PVC1200, Trickle125 and Trickle100, 
respectively at ambient temperature of 50℃ and humidity of 20%. 
Keywords: natural draft cooling tower, wetted medium, air mass flow rate, heat rejection rate 
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Nomenclature 
A Area, m2 
cp Specific heat, J/(kg K) 
FT Temperature correction factor 
g Gravitational acceleration, 
m/s
2
 
H Height, m 
K Loss coefficient 
l Medium thickness, m 
le Medium geometric length, m 
m
 
Mass flow rate, kg/s 
∆p Pressure drop, Pa 
Q Heat transfer rate, W 
q
 
Volumetric flow rate, m
3
/s 
T Temperature, K 
u Velocity, m/s 
U Overall heat transfer 
coefficient, W/(m
2
 K) 
NDDCT Natural draft dry cooling 
tower 
Greek Symbols 
∆ Difference  
 Cooling efficiency, % 
 Density, kg/m
3
 
Subscripts 
1,2,3,4,5,6 Positions within or around the 
towers 
a Dry air or air side 
a, b, c, d, n, β Constants  
av Air-water vapor mixture 
ct Separation and redirection of 
flow at the lower edge of the 
tower shell 
ctc Contraction 
cte Expansion at the heat 
exchanger 
he Heat exchanger 
lm Logarithmic mean 
medium Wetted medium 
w Water 
wb Wet bulb 
wi Water inlet 
wo Water outlet 
to Kinetic energy at the outlet of 
the tower 
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1. Introduction  
Renewable energy has been an important political topic for a long time. One of the most promising ways to 
use solar energy is concentrated solar power (CSP). CSP technologies generate electricity by concentrating 
the solar radiation beam onto a small area, where a heat transfer ﬂuid is heated up and this energy is 
ultimately transferred to the steam. Electricity is then generated by an electric generator which is driven by 
a steam turbine with the efﬁciency limited by the Carnot cycle [1]. Considerable research efforts have been 
conducted to improve the efﬁciency of the CSP system and make the cost of electricity comparable to that 
of the conventional fossil-fuel power plant, e.g., thermal energy storage [2, 3], thermophotovoltaic heat 
engine [4] and even the natural draft dry cooling towers (NDDCTs) [5]. The current study focuses on the 
performance improvement of NDDCTs which may offer the only effective alternative as most CSPs are 
located in arid or semi-arid areas. 
The major drawback of NDDCTs is their low performance, especially at hot days. Previous studies find 
that the performance of NDDCTs can be improved by wetted-medium evaporative pre-cooling when the 
ambient air is hot and dry [6-8]. The concept of wetted-medium pre-cooling of a NDDCT is illustrated in 
Fig. 1. There are two water systems in the pre-cooled NDDCT. One system is the hot water from the 
thermal power plants, which is to be cooled down. The other water system is wetted-medium evaporative 
pre-cooling system, in which a small amount of water is distributed over the top of the wetted media by 
water distributor and drips down by gravity and capillarity to wet the media uniformly. The excess water is 
collected at the bottom of the media and recirculated by the water pump. Air is driven by buoyancy to pass 
through the media to form a cross-flow heat and mass transfer process. The water deposited on the media 
evaporates which absorbs heat from the air stream and thus cools the air. The pre-cooled air then flows 
through the heat exchanger bundles to cool the tube-side fluid coming from thermal power plants. The heat 
exchanger bundles are laid out horizontally at the lower end of the tower. In Fig. 1, the entire cylindrical 
shell inlet area of the tower is covered with wetted media. The evaporative pre-cooling system only 
operates at high ambient temperatures to assist dry cooling. 
 
  
4 
 
According to He et al. [6], the pre-cooling benefit is however season dependent and the pre-cooling 
enhancement can go up to 46% (where the pre-cooling enhancement is defined as ηenhancement=(Qpre-NDDCT - Q 
NDDCT)/QNDDCT×100%, Q is the tower heat rejection rate). What significantly affects the pre-cooling 
performance is the wetted medium. In reference [7], the pre-cooling using three film media was studied and 
concluded that there are critical temperatures below which the tower performance does not benefit but is 
hindered by wetted-medium pre-cooling. The critical temperatures depend significantly on wetted medium 
and only one film medium was proved to be useful in the studied pre-cooling case.   
The wetted medium is the most important element in a direct evaporative cooling system [9]. Wetted media 
fulfil two main functions. First, they provide large contact surface areas for heat and mass exchange 
between water and air flows. Second, they delay the fall of water, ensuring that the exchange process lasts 
longer [10, 11]. A number of studies have been carried out to better understand the performance of wetted 
media. ANSI and ASABE [12] recommended the air speeds and minimum water ﬂows for aspen ﬁber and 
corrugated cellulose media. Franco et al. [10] studied the inﬂuence of water and air ﬂows on the 
performance of cellulose media. Dowdy et al. [13, 14] experimentally determined the heat and mass 
transfer coefﬁcients in aspen media and rigid impregnated cellulose media. Liao et al. [15, 16] carried out 
the same analyses for ﬁne and coarse fabric PVC sponge media, nonwoven fabric and coir ﬁber media. A 
comprehensive experimental study of cellulose pads was carried out by Malli et al. [17] to investigate the 
effects of medium type, medium thickness and air velocity on evaporative cooling performance (including 
pressure drop, humidity variation, evaporated water and cooling efficiency). The procedure for testing 
evaporative cooling media was given by Koca et al. [18]. The ﬂows in corrugated evaporative cooling 
media were simulated by Beshkani, Hosseini, Tavakoli and Franco et al. [19-22]. The flow and heat 
transfer through a porous medium  imbedded  inside  a  channel  with  permeable  walls  were  investigated  
using  two-equation energy model by Seyed Moein et al. [23]. To sum up, there is no dearth of published 
data concerning different types of wetted media, either through experimental study or theoretical and 
numerical approaches.  
Generally, the wetted media fall into three main categories: splash, ﬁlm and trickle [24, 25]. Splash fills 
require  large  volumes  to  break  up  the  water  flow,  and  therefore,  large spaces and more water pump 
power are needed. Splash fills also tend to produce more water drift than other fill types, especially at high 
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air speeds. Therefore, they are not good option for evaporative pre-cooling of NDDCTs. Film fills have the 
disadvantages of relatively high air-side pressure drops and also high fouling risks but they have good heat 
transfer characteristics. Trickle fills combine the good aspects of splash and film: they offer larger surface 
areas than splash fills and lower pressure drops than film fills; the large openings of trickle fills relieve the 
fouling problems of film fills, and the water drift is reduced by their compact structures when compared 
with splash fills [9, 25]. Based on the above literature review, it seems that film and trickle media have the 
potential for evaporative pre-cooling of NDDCTs. To do further comparison of their pre-cooling 
performance, the present study chooses two film and two trickle media from literature review to investigate 
their pre-cooling performance and therefore give suggestions for future pre-cooling design. In terms of 
optimization of wetted-medium pre-cooling of air entering NDDCTs, the authors are doing economic 
analysis of pre-cooled NDDCTs to include all the influencing parameters (including the incremental 
equipment cost, the operation/maintenance cost, the consumptive evaporative water use, the effect of 
wetted-medium pre-cooling on turbine power output and the water pumping power, etc.). Further study will 
be carried out in the future for efficiency improvement by referring to parametric optimization 
methodology [26-28] and the results will be reported in the future study.  
This paper simulates the pre-cooled NDDCT using four wetted media (i.e., Cellulose7060, PVC1200, 
Trickle125 and Trickle100) based on a MATLAB program. Two typical types of wetted media with the 
potential of evaporative pre-cooling are selected through literature review and are comparatively studied. 
Meanwhile, the characteristics of wetted media promising for evaporative pre-cooling of NDDCTs are 
summarized. The present work can be distinguished from previous studies due to (1) the wetted media 
designed for wet cooling tower use (PVC1200, Trickle125 and Trickle100) are studied so as to fulfil the 
purpose of evaporative pre-cooling of air; (2) the ranges of wetted-medium cooling efficiency and pressure 
drop promising for the pre-cooling enhancement of a 120m-high NDDCT are reported, which gives 
suggestions for future pre-cooling design. 
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2. Mathematical models 
2.1 Mathematical model of the pre-cooled NDDCT 
The operation of a pre-cooled NDDCT is coupled by energy and draft equations [7, 8]. The energy equation 
of a pre-cooled NDDCT as shown in Fig. 1 is,  
( )4 3 ( )1
m c T Tav pav a aQ m c T Tw pw wowi     (1)
 
and the heat transfer rate can be expressed in terms of the overall heat transfer coefficient given by Eq.(2). 
 
 
( ) ( )4 3
2
ln ( ) / ( )4 3
UAF T T T TwowiT a a
Q UAF TT lm
T T T Twowi a a
  
  
 
  (2)
 
The draft equation balances the buoyancy against the total flow resistances, i.e.,  
 ( ) ( ) / 2  51 4 4 3p g H H H flow resistancesa av av         (3)
 
 =flow resistances p p p p p pct ctc cte tomedium he
             (4)
 
The flow resistances in Eq.(4) are coupled to the loss coefficients by 
2
2av avp K u   . The flow 
resistances include the pressure drop across wetted medium p
medium
 , loss at tower supports (this loss is 
already accounted for by the pressure drop across wetted medium), loss due to the separation and 
redirection of flow at the lower edge of the tower shell pct , loss at heat exchanger supports (this loss is 
negligible), contraction loss pctc , the frictional loss of heat exchanger phe , and expansion loss at the 
heat exchanger pcte , loss in kinetic energy at the outlet of the tower pto . The losses can be evaluated 
using empirical relations reported in reference [29], except for the loss through wetted medium which is 
reported in Section 2.2. 
The mathematical model of a NDDCT is similar to that of the pre-cooled NDDCT, except for the 
calculations of Ta3 in Eq.(1) and Eq.(2) and the flow resistances in Eq.(4). In the NDDCT, the Ta3 is close to 
the air temperatures at elevations (1) and (2) in Fig. 1 while significant difference exists in the pre-cooled 
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NDDCT due to the evaporative pre-cooling. There is no loss contribution by wetted medium to the flow 
resistances in Eq.(4) in the NDDCT. 
2.2 Mathematical model of wetted medium 
To simulate the pre-cooled cooling tower using the four selected wetted media, the medium performance is 
one of the key issues. The pressure drop introduced by wetted media is of critical importance in NDDCT 
applications. It is critical because the pressure drop will affect the air mass ﬂow rate passing through the 
tower. The cooling efﬁciency is a key factor in determining the performance of direct evaporative cooling 
system. It determines how close the air gets to the state of saturation [30]. The definition of cooling 
efficiency can be expressed as 
2 3 2 2
( ) ( ) 100%
a a a wb
T T T T     . Based on experimental studies by He et 
al. [31, 32], the pressure drop data of Cellulose7060, PVC1200, Trickle125 and Trickle100 are correlated 
using Eq.(5). 
 
2
1
2
b
e w a a
a
l q u
p a c
l q
  
    
     
(5)
 
The constants in Eq.(5), a, b and c were determined by means of non-linear regression of the test results 
(All the experimental data of pressure drop in references [31, 32] were used for analysis). The regression 
results are summarized in Table 1.  
The cooling efficiency data of the four media can be correlated using Eq.(6). 
 
1 exp
d
n
a
l
u
 
 
   
   
(6)
 
The constants in Eq.(6), , d and n were determined by means of non-linear regression of the test results 
(All the experimental data of cooling efficiency in references [31, 32] were used for analysis). The 
regression results are listed in Table 2. 
The following simulations will use the above correlations of cooling efficiency and pressure drop to model 
the performance of wetted media. 
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2.3 Iterative algorithm 
The heat and mass transfer in the pre-cooled NDDCT is coupled with air flow through the tower while the 
air flow is determined by balancing the energy and draft equations through an iterative process [6]. The 
fixed variables during iteration are tower specifications and heat exchanger specifications, hot water flow 
rate, hot water inlet temperature, medium thickness and ambient humidity. The iteration variables are air 
temperature exiting the heat exchanger and cooling efficiency. The iteration procedure is summarized as 
follows.  
In the iterative process, the performance of wetted-medium evaporative cooling is characterized by the 
cooling efficiency (Eq.(6)) and pressure drop (Eq.(5)). Since the cooling efficiency and pressure drop of the 
wetted medium depend on air velocity, a preliminary air mass flow rate ma0 is calculated in Step1 by 
neglecting all the flow resistances other than the loss due to the heat exchanger bundles (Initially assume 
Ta4=Twi). Step2, a new air mass flow rate ma1 is then calculated by considering all the losses including the 
loss due to the wetted media. Step3, the new ma1 is used to calculate wetted-medium evaporative cooling. 
The air temperature Ta3 after cooling is calculated from 2 3 2 2( ) ( ) 100%a a a wbT T T T     . Air humidity 
after cooling is calculated according to ASHRAE Handbook [33] (assuming air wet-bulb temperature is 
almost constant during evaporative cooling). In Step4, Step1 and Step2 are repeated using the new 
temperature and humidity calculated in Step3. After calculations, a new air mass flow rate ma2 is obtained. 
Then, recalculation of wetted-media evaporative cooling uses the new air mass flow rate ma2 (i.e., repeating 
Step3). Step5 is to make sure that the cooling efficiency and pressure drop calculated in Step3 and Step4 
are consistent, which is achieved by a period of iteration of Step4 (Step5 is essentially to make sure the air 
temperature and humidity after pre-cooling is the closest values). After that, a closer air mass flow rate ma 
is found. In Step6, the energy equations are balanced by a period of iteration. If the air mass flow rate ma 
found in Step5 cannot satisfy the energy equations, the air temperature leaving the heat exchanger Ta4 is 
reduced step by step to do iterations of Step1-Step5. 
Finally, a value of air mass flow rate can be found that satisfies both the energy and draft equations. The 
values of hot water outlet temperature, air temperature leaving the heat exchanger, air mass ﬂow rate, heat 
rejection rate, cooling efficiency and pressure drop of wetted media when used to pre-cool the NDDCTs 
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can be found simultaneously. For each ambient temperature (Ta1), the iteration time to obtain balanced 
energy and draft equations is around 10 seconds. 
The iterative algorithms of the NDDCT and the pre-cooled NDDCT are similar with only small difference. 
For the iteration process of the NDDCT, there is no need to consider the cooling efficiency and pressure 
drop associated with wetted-medium pre-cooling. Meanwhile, the iteration process is simplified as the Step 
3 to Step 5 are omitted.   
2.4 Model Validation 
The heat and mass transfer in the pre-cooled tower is coupled with air flow through the tower while the air 
flow is determined by balancing the energy and draft equations through an iterative process. Since there is 
no wetted-medium pre-cooling in use so far in NDDCTs, it was difﬁcult to do a rigorous comparison with 
measured pre-cooled NDDCT performance. However, the MATLAB code of NDDCT without pre-cooling 
was compared with the case study reported by Kröger [29] and found good agreement. This validated 
MATLAB code was then adapted to simulate the operation of the proposed tower with and without pre-
cooling. The thermodynamic parameters were calculated according to references [29, 33]. The 
meteorological effects were considered according to Kröger’s book [29]. The wetted medium performance 
was calculated according to Section 2.2. 
2.5 Case Study 
The proposed cooling tower has designed conditions as listed in Table 3. The heat exchangers are extruded 
bimetallic finned tubes. The NDDCT and the pre-cooled NDDCT have the same tower design and heat 
exchanger design: the heat exchanger bundles are laid out horizontally at the lower end of the tower and are 
arranged in the form of A-frame placed in a radial pattern. 
3. Results and discussions 
For evaporative pre-cooling system, the cooling efﬁciency is acknowledged to be nearly constant when the 
supplied water ﬂow rate is enough to fully wet the media (fully wetted medium means there is no streaking 
and dry area in the medium) [31, 32]. The water flow rates used in the current simulation are enough to 
fully wet the media, i.e., 62, 39, 10 and 10 l/min/m2 for cellulose7060, PVC1200, Trickle125 and 
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Trickle100, respectively. The ambient temperature ranges from 10 to 50℃ while the ambient humidity is 
fixed at 20% during simulation. The wetted medium performance and the tower performance comparison 
are reported in the following sections. 
3.1 Wetted medium performance 
The wetted medium performance is coupled with the tower performance but will be reported here for 
reference. The cooling efficiency and pressure drop of the wetted media when used to pre-cool the 
NDDCTs at medium thicknesses of 300 mm are presented in Fig. 2.  
 
As demonstrated in Fig. 2, for the same medium thickness, Cellulose7060 provides the highest cooling 
efficiencies and pressure drops, followed by PVC1200, Trickle125 and Trickle100. With the increase in 
ambient air temperature, the cooling efﬁciency increases but the pressure drop across the media decreases. 
This can be explained by the fact that the air velocity passing through the media by natural draft is 
decreased (see Fig. 3a). With the increase in ambient air temperature, the air density difference between the 
outside and inside of the tower at the mean heat exchanger elevation will decrease, and thus the driving 
buoyancy force that causes the air ﬂow will decrease, lowering the air velocity. The lowered air velocity 
can provide more time for heat and mass transfer between the water and air, improving the cooling 
efﬁciency. On the contrary, the pressure drop will decrease with the air velocity decreased [10, 15, 17, 18]. 
3.2 The performance comparison of pre-cooled NDDCTs 
In this section, the performance comparisons of the NDDCTs pre-cooled using the four selected wetted 
media at medium thicknesses of 300 mm are presented. In a NDDCT, the air mass flow rate that satisfies 
the energy and the draft equations is significantly important. The tower heat rejection rate, also known as 
the cooling capacity, indicates the rate at which the cooling tower can dispose of heat. The changes in the 
air mass flow rate and the heat rejection rate of the towers, with and without pre-cooling are compared in 
Fig. 3. 
 
  
11 
 
The air mass ﬂow rate decreases with the increase in ambient temperature, which is because the driving 
force (the buoyancy, which is due to the air density difference resulting from the temperature difference 
between the tower inside and outside air) is decreased at higher ambient temperatures. This applies to the 
towers with or without pre-cooling. Fig. 3a also illustrates that the incorporation of pre-cooling into the 
proposed NDDCT causes a further reduction in the air mass ﬂow rate due to the additional pressure drop 
associated with wetted media. Since Trickle100 has the lowest pressure drop when compared with other 
media (as shown in Fig. 2b), the tower pre-cooled with this medium offers the highest air mass ﬂow rate 
amongst the pre-cooled towers. 
In terms of heat rejection rate, although pre-cooling can decrease the inlet air temperature and thus 
improves heat rejection rate through Eq.(1), the additional pressure drop causes the drop in air mass ﬂow 
rate and therefore impairs heat rejection rate. That is why the heat rejection rate of the pre-cooled NDDCT 
can be either higher or lower than that of the tower without pre-cooling. As shown in Fig. 3b that the tower 
performance is improved by pre-cooling only when the ambient temperatures are high enough. For the 
same medium thickness, the tower performance improvement by the Cellulose7060 at high ambient 
temperatures is the highest one, followed by PVC1200, Trickle125 and Trickle100 (Trickle125 and 
Trickle100 have almost the same improvement). This is interesting as in reference [7], the authors found 
that Cellulose7060 is the most promising medium when compared with Cellulose7090 and Cellulose5090. 
Take a deep look at the medium performance, generally, for the proposed NDDCT and within the ambient 
temperature range of 10−50℃, the pressure drop and cooling efficiency ranges of the media are 
summarized in Table 4 (The data in Table 4 is beyond the simulation results reported in the current study) 
[7, 31, 32].  
In Table 4, the pressure drop in Pa depends on air velocity, medium thickness and to some extent on the 
water flow rate. The cooling efficiency is dependent on the air velocity and the medium thickness [31, 32]. 
The Cellulose7060 has the lowest cooling efficiency and pressure drop when compared with Cellulose7090 
and Cellulose5090, while it provides the highest cooling efficiency and pressure drop amongst PVC1200, 
Trickle125 and Trickle100. From the comparative study of the current study and reference [7], the 
Cellulose7060 is most promising for the pre-cooling enhancement of the studied NDDCT. This means that 
the media with high or low cooling efficiencies and pressure drops are not promising for the pre-cooling 
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application of the studied NDDCT. Those media with middle cooling efficiencies and pressure drops intend 
to produce much performance enhancement of the studied NDDCT and Cellulose7060 is a representative 
of such kind of media.  
For the pre-cooling application of NDDCTs, the cooling efficiency intends to improve the tower heat 
rejection performance by reducing the tower inlet air temperature while the extra pressure drop in reverse 
impairs the tower heat rejection performance through its contribution to the flow resistances (thereby 
reducing the air mass flow rate passing through the tower, e.g., Fig. 3a). Since the NDDCT is operated by 
the balance of both energy and draft equations, the cooling efficiency and the extra pressure drop are all 
crucial to the tower heat rejection performance. The media with high cooling efficiencies provide more 
cooling but also come with large resistances. The media with low pressure drops have the advantage of 
small resistances but produce less cooling. The middle option may offer a good alternative. This trade-off 
between cooling efficiency and pressure drop can be reflected as Fig. 4.     
 
Overall, the Cellulose7060 with the pressure drops of 28.6−272.1 Pa/m and the cooling efficiency range of 
44.7−88.5% is most promising for the pre-cooling enhancement of the studied 120m-high NDDCT. 
4. Conclusions 
The current study simulates pre-cooling of a 120m-high NDDCT using four selected wetted media based 
on a MATLAB program. The simulation finds that: (1) the media with high or low cooling efficiencies and 
pressure drops are not promising for the pre-cooling application of the 120m-high NDDCT while those 
media with middle cooling efficiencies and pressure drops intend to produce much performance 
enhancement; (2) Cellulose7060 with the pressure drops of 28.6−272.1 Pa/m and the cooling efficiency 
range of 44.7−88.5% is most promising for the pre-cooling enhancement of the 120m-high NDDCT; (3) the 
critical temperatures below which the tower performance does not benefit but is hindered by wetted-
medium pre-cooling are 20℃, 26℃, 26℃ and 24℃ for Cellulose7060, PVC1200, Trickle125 and Trickle100, 
respectively at ambient humidity of 20%; (4) the wetted-medium pre-cooling can raise the heat rejection 
rate of the 120m-high tower without pre-cooling from 45MW to 92 MW, 76 MW, 68 MW and 65MW by 
  
13 
 
Cellulose7060, PVC1200, Trickle125 and Trickle100, respectively at extreme climate of ambient 
temperature 50℃ and humidity 20%. 
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Fig. 1. Wetted-medium pre-cooling of air entering a natural draft dry cooling tower [9]. 
 
Fig. 2. The (a) cooling efficiency and (b) pressure drop of wetted media when used to pre-cool the NDDCTs. 
 
Fig. 3. The (a) air mass flow rate and (b) heat rejection rate of the NDDCTs. 
 
Fig. 4. The trade-off between cooling efficiency and pressure drop of wetted media (1−0.30m Cellulose7060; 2−0.15m 
Cellulose7060; 3−0.15m Cellulose7090; 4−0.30m PVC1200; 5−0.15m Cellulose5090; 6−0.30m Trickle125; 7−0.30m 
Trickle100) [7]. 
 
Table 1. Constants in Eq.(5). 
Description  a b c R
2
 
Cellulose7060 0.124 -1.038 1825 0.979 
PVC1200 0.566 -0.664 3191 0.995 
Trickle125  0.131 -1.105 1657 0.976 
Trickle100 0.568 -0.648 151 0.973 
 
Table 2. Constants in Eq.(6). 
Description   d n R
2
 
Cellulose7060 6.785 0.952 0.232 0.993 
PVC1200 3.869 1.348 0.585 0.948 
Trickle125 1.610 0.976 0.422 0.975 
Trickle100 1.540 1.149 0.317 0.949 
 
  
  
16 
 
 
Table 3. Proposed cooling tower design. 
Design condition NDDCT Pre-cooled NDDCT 
Tower height, m 120 120 
Tower inlet diameter, m 83 83 
Tower outlet diameter, m 58 58 
Finned tube heat exchanger, Apex angle of A-frame 2=61.50 2=61.50 
Heat exchanger tubes 4 rows, 2 passes 4 rows, 2 passes 
Wetted medium thickness, m − 0.3 
Designed ambient pressure, kPa 101.325 101.325 
Designed ambient temperature, 
o
C 20 20 
Designed ambient humidity, % 30 30 
Designed water mass flow rate, kg/s 4390 4390 
Designed water inlet temperature, 
o
C 60 60 
Designed heat rejection rate, MW 296 Depends on wetted medium type 
Designed air mass flow rate, kg/s 10912 Depends on wetted medium type 
Designed water outlet temperature, 
o
C 43.9 Depends on wetted medium type 
 
Table 4. Pressure drop and cooling efficiency comparisons [7, 31, 32]. 
Level Medium type Pressure drop, Pa/m Pressure drop, Pa Cooling efficiency, % 
Low 
PVC1200 22.8−246.8  4.5−43.2  8.8−50.3 
Trickle125 17.4−124.1  4.3−48.9  19.1−50.4 
Trickle100 12.0−109.6  3.9−33.5  15.8−43.9 
Middle Cellulose7060 28.6−272.1  4.2−61.2  44.7−88.5 
High  
Cellulose7090 69.3−561.0  9.9−83.8  64.1−92.4  
Cellulose5090 110.3−964.0  12.1−98.3 71.2−95.9 
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